Since 2003, growers of Florida watermelon [Citrullus lanatus (Thunb.) Matsum. and Nakai] have periodically suffered large losses from a disease caused by Squash vein yellowing virus (SqVYV), which is transmitted by the whitefly Middle East-Asia Minor 1 (MEAM1), formerly Bemisia tabaci (Gennadius) biotype B. Common cucurbit weeds like balsam apple (Momordica charantia L.) and smellmelon [Cucumis melo var. dudaim (L.) Naud.] are natural hosts of SqVYV, and creeping cucumber (Melothria pendula L.) is an experimental host. Study objectives were to compare these weeds and 'Mickylee' watermelon as sources of inoculum for SqVYV via MEAM1 transmission, to determine weed susceptibility to SqVYV, and to evaluate whitefly settling and oviposition behaviors on infected vs. mock-inoculated (inoculated with buffer only) creeping cucumber leaves. We found that the lowest percentage of watermelon recipient plants was infected when balsam apple was used as a source of inoculum. Watermelon was more susceptible to infection than balsam apple or smellmelon. However, all weed species were equally susceptible to SqVYV when inoculated by whitefly. For the first 5 h after release, whiteflies had no preference to settle on infected vs. mock-inoculated creeping cucumber leaves. After 24 h, whiteflies preferred to settle on mock-inoculated leaves, and more eggs were laid on mock-inoculated creeping cucumber leaves than on SqVYV-infected leaves. The transmission experiments (source of inoculum and susceptibility) show these weed species as potential inoculum sources of the virus. The changing settling preference of whiteflies from infected to mock-inoculated plants could lead to rapid spread of virus in the agroecosystem.
Squash vein yellowing virus (SqVYV) is an Ipomovirus (Family Potyviridae) that was characterized from squash and found to be the causal agent of watermelon vine decline (WVD; Webb et al. 2006 . SqVYV is transmitted semipersistently by sweetpotato whitefly [Bemisa tabaci (Gennadius) biotype B] (Webb et al. 2006 (Webb et al. , 2012 . Previously B. tabaci biotype B was named B. argentifolii (Bellows & Perring) and recently it has been described as a species in the Middle East-Asia Minor one group (MEAM1; Bellows et al. 1994 , De Barro et al. 2011 , Boykin 2014 . Highest transmission efficiency was found when whiteflies were given a 4-h acqusition access period (AAP) and a 4-8-h inoculation access period (IAP); however, as little as 0.5 h is enough for whiteflies to acquire virus and to inoculate plants (Webb et al. 2012) . Symptoms in infected watermelon include yellowing, wilting of the vines, brown and scorched leaves, and rapid collapse of the vine . In a greenhouse experiment, SqVYV-infected pumpkin (Cucurbita maxima Duchesne), 'Buttercup Green', 'Blue Ballet', and 'Jarrahdale', teasel gourd (Cucumis dipsaceus Ehrenb. ex Spach 'Prickles'), and horned melon (Cucumis metuliferus Mey. ex Naud.) exhibited severe necrosis and wilting similar to SqVYV-induced WVD in watermelon . Infected squash plants show typical vein yellowing symptoms; however, they do not show wilting and necrosis symptoms as does watermelon ). Since the discovery of SqVYV in Florida, it has also been detected in Indiana (Egel and Adkins 2007) , Georgia (Webster and Adkins 2012) , South Carolina (C. S. Kousik and S. T. Adkins personal communication), Puerto Rico (Acevedo et al. 2013) , California (Batuman et al. 2015) , Guatemala (Jeyaprakash et al. 2015) , and Israel (Reingold et al. 2016) .
Weeds play a crucial role in the spread of many plant viruses by acting as sources of inoculum and bridging the period between cropping seasons (Izadpanah et al. 2003 , Jones 2004 , Alvarez and Srinivasan 2005 , Arli-Sokmen et al. 2005 , Wisler and Norris 2005 . Weeds are also known to act as refuges for insect vectors (Duffus 1971 , Jones 2004 . Infected weeds may show few or no symptoms, adding more challenges to the management of plant viruses (Tomlinson et al. 1970, Wisler and Norris 2005) . Different cucurbit weeds found throughout Florida have been shown to be infected with plant viruses, such as the watermelon strain of Papaya ringspot virus, Watermelon mosaic virus, Zucchini yellow mosaic virus, Cucurbit yellow stunting disorder virus, Cucurbit leaf crumple virus, and SqVYV (Adlerz, 1969 (Adlerz, , 1972 Adlerz et al. 1983; Adkins et al. 2008; Akad et al. 2008; Polston et al. 2008) .
In southwest, west central, and south Florida vegetable production areas, the cucurbit weeds Momordica charantia L. (balsam apple or balsam pear) and Cucumis melo var. dudaim (L.) Naud. (smellmelon) were found to be infected with SqVYV . Similarly, in vegetable production areas in Puerto Rico balsam apple has been found infected with SqVYV (Acevedo et al. 2013 ). In the laboratory, Melothria pendula L. (creeping cucumber) was easily infected by mechanical inoculation with SqVYV ), suggesting that it, too, could be a potential reservoir of SqVYV in nature. These weeds can survive year round (except when occasional hard freezes occur) in south Florida and can also act as oversummering hosts of viruses, bridging the gap between spring and fall crops (Adkins et al. , 2011 .
Plant viruses can affect their insect vectors through effects on the shared host plant. However, limited research has been conducted on the virus-induced host-mediated effects on insect vectors when weed species are the hosts (Castle et al. 1998 , Colvin et al. 2006 , Srinivasan et al. 2008 . Host-mediated effects of plant viruses on the behavior and biology of hemipteran insect vectors can be antagonistic (Donaldson and Gratton 2007, Mauck et al. 2010) , neutral, or beneficial, depending on the species involved (Colvin et al. 2006 , Mauck et al. 2012 . Host-mediated effects of viruses on their vectors can be caused by changes in the nutritional quality of the host (Ajayi 1986 , Blua et al. 1994 , Colvin et al. 2006 , McMenemy et al. 2012 , changes in plant volatiles emission, and changes in plant phenotype Powell 2008, Hodge and Powell 2010) , which can affect vector settling, oviposition, feeding, and dispersal (Eigenbrode et al. 2002 , Jiménez-Mart ınez et al. 2004 ). In addition, these effects on insect vectors can affect the spread and survival of the virus (Fereres and Moreno 2009, Roosien et al. 2013) .
Vector settling and oviposition preference are two important behaviors which can affect virus dispersal (Mann et al. 2009 . These preferences can be influenced by the infection status of the host plant. Changes in settling and oviposition preference of vectors caused by virus-induced modifications in the host have been found with nonpersistently and persistently transmitted viruses (Mauck et al. 2010 (Mauck et al. , 2012 Ingwell et al. 2012; Rajabaskar et al. 2014; Wang et al. 2014; Legarrea et al. 2015) . Limited information exists about the host-mediated effects of semipersistently transmitted viruses on vectors (McMenemy et al. 2012 ).
Other than virus-induced changes on insect vectors, it is also very important to know how easily weeds can be infected and serve as sources of virus. The transmission of plant viruses by an insect vector depends on the host plants it inoculates as well as the host plants it feeds on to acquire virus (Alvarez and Srinivasan 2005, Cervantes and Alvarez 2010, Wosula et al. 2012 , Shrestha et al. 2014 ). The objectives of our research were to evaluate how common cucurbit weeds located around commercial watermelon fields could influence SqVYV transmission and how virus infection influences whitefly behavior, possibly affecting virus dispersal. Thus, we compared the rate of transmission of SqVYV to watermelon by the whitefly when cucurbit weeds (balsam apple, creeping cucumber, smellmelon) and 'Mickylee' watermelon were used as sources of inoculum. We also compared the susceptibility of cucurbit weeds and watermelon to SqVYV when inoculated by whitefly. Finally we quantified whitefly host acceptance and oviposition behavior on infected and mock-inoculated creeping cucumber to better understand how infection by a semipersistently transmitted virus might lead to a change in vector behavior that would influence virus spread.
Materials and Methods

Virus Isolate and Virus Sources
The SqVYV isolate used for experiments was originally collected from squash (Cucurbita pepo L.) in Hillsborough County, FL, in 2003. It was maintained in 'Gentry' squash and 'Mickylee' watermelon [Citrullus lanatus (Thunb.) Matsum. & Nakai var. lanatus] by mechanical and whitefly inoculation. Plants were mechanically inoculated every 2 wk and then inoculated by whiteflies at 8 wk, after which the maintenance cycle was repeated. For mechanical inoculation of the source plants, foliar and petiole tissue from infected squash and watermelon plants was ground in 20 mM potassium phosphate buffer (pH 7.4) containing corundum (300-400 mg/ml) and rubbed on three to five upper leaves, using cheesecloth. After 10-15 min, inoculated leaves were washed gently with tap water. Whitefly transmission is described below.
Whitefly
The main whitefly colony was maintained on cotton (Gossypium hirsutum L.) and 'Vates' collard (Brassica oleracea L. var. acephala) as described by Chen et al. (2004) . Whiteflies were reared in a room maintained at 25-30 C, under a photoperiod of 14:10 (L: D) h. A new cohort was established on four to six cotton plants for each experiment. These cotton plants were exposed to the main whitefly colony for 48 h for oviposition. Then cotton plants were transferred to an insect rearing cage (60 by 60 by 60 cm, Bug Dorm, MegaView Science Co. Ltd., Taiwan) for 14 d. After that each cotton plant was placed in an individual insect rearing cage for 3-4 d for adult emergence. One-to 5-d-old adult whiteflies were used for the transmission experiments.
Comparison of Three Cucurbit Weeds and Watermelon as Sources of Inoculum by Whitefly Inoculation
Plant Materials
Balsam apple seeds were collected from Gainesville, FL, creeping cucumber and smellmelon seeds were provided by Linda Wessel-Beaver (University of Puerto Rico, Mayagü ez, Puerto Rico), and Scott T. Adkins, respectively. To increase germination and to reduce fungal contamination, seeds of creeping cucumber, balsam apple, and smellmelon were surfaced sterilized using 10% bleach (0.83% sodium hypochlorite) water solution for 2-3 min and then rinsed with sterile distilled water. To increase the germination percentage of balsam apple, seed coats were forced open by pressing forceps at the place of radical emergence. Then all seeds were placed in Petri dishes on moistened seed germination blotter paper (Anchor Paper Co. Seed Solutions, Saint Paul, MN) and placed in an incubator for 4-8 d at 28-29 C. Germinated seeds were planted in plastic seedling tray inserts (4 by 5.5 by 4 cm, T.O. Plastics, Clearwater, MN) filled with potting medium (Sunshine Professional Growing Mix MVP, Sun Gro Horticulture, Bellevue, WA) amended with Osmocote (14:14:14, Everris NA, Inc., Dublin, OH) at a rate of 10 cm 3 in 3785 cm 3 potting medium. 'Mickylee' watermelon was planted directly in the same potting medium in the seedling tray inserts. Plants were grown in a greenhouse (26-32 C, photoperiod of 14:10 [L:D] h) for all experiments.
Source of Inoculum
To establish plants as sources of inoculum, seedlings were transplanted into 15.24-cm-diameter plastic pots 12 d after planting watermelon seeds and germinated weed seeds in the seedling tray inserts. Watermelon and weeds were inoculated mechanically 24 d after transplanting using foliar and petiole tissue from infected watermelon and squash plants as described above. Plants were tested 8-9 d postinoculation (DPI) with reverse transcription-polymerase chain reaction (RT-PCR; Adkins et al. 2008) to confirm infection with SqVYV before use in the transmission procedure 11-12 DPI.
Recipient Plants
Watermelon seedlings grown for use as recipient plants were transplanted into 10.16-cm-diameter plastic pots 14 d after seeds were planted. Recipient plants were used in the transmission procedure 10 d after transplanting (24 d after planting).
Transmission Procedure
Single source plants of each weed species (creeping cucumber, balsam apple, or smellmelon) or watermelon were placed in one of the insect-rearing cages with the cotton plant infested with adult whiteflies (described above). Cotton plants were shaken to remove whiteflies and then removed from the cage. Whiteflies were allowed to feed on the source plants for 4 h (acquisition access period, AAP) and then aspirated into glass tubes (eye droppers with the large end screened) in groups of 30 using methods described in Webb et al. (2012) . Whiteflies were tapped into clip cages. Each cage was then attached to a watermelon recipient plant with one screened side in contact with the abaxial surface of the leaf for a 24-h inoculation access period (IAP; Webb et al. 2012) . Clip cages were removed from recipient plants after a 24-h IAP. Recipient plants were moved to the greenhouse and treated immediately with pymetrozine at a rate of 0.025 g (a.i.)/100 ml water till runoff from leaves to kill any possible hatching nymphs.
SqVYV Detection
Petiole samples were taken from the watermelon recipient plants 11-12 DPI and tested with enzyme-linked immunosorbent assay (ELISA) for the presence of SqVYV (Webster et al. 2010 ). Symptoms such as chlorosis, wilting, vein yellowing, necrosis of leaves, petioles and stems were recorded daily until petiole samples were taken. Both ELISA and symptom expression were used to confirm infection status.
Experimental Design and Statistical Analysis
Altogether, there were four source plant treatments (watermelon, creeping cucumber, balsam apple, and smellmelon) with 12 recipient watermelon plants per treatment. Twelve plants of noninoculated watermelon were added as sentinel plants to detect possible cross contamination for each trial. This experimental design was a randomized complete block design (RCBD) with blocks consisting of seven trials (overall experiment contains 84 recipient plants for each treatment) completed over a 10-wk period. The infection status of recipient plants was analyzed by using a binomial response (infected vs. noninfected). Generalized Linear Mixed Model was conducted using PROC GLIMMIX in SAS 9.4 where block was a random effect (SAS institute, Cary, North Carolina, 2013) . Multiple comparisons of treatments were conducted by least square means with Tukey-Kramer option at a 5% level of significance.
Comparison of Three Cucurbit Weeds and Watermelon for Susceptibility to SqVYV by Whitefly Inoculation
Source of Inoculum and Recipient Plants Watermelon plants were established as sources of virus inoculum using the same methods described in the previous experiment. Watermelon and germinated weed seeds were treated the same way as watermelon in the previous experiment to generate the recipient plants. However, recipient plants were used in the transmission process 28 d after planting, rather than 24 d.
Transmission Procedure
All procedures were similar to the previous experiment; however, two to three cotton plants were used as sources of whiteflies. The inoculated leaf of the recipient plant was marked by tying a cotton thread around the petiole. Those marked leaves were removed from the recipient plants 4-5 DPI, as they often showed evidence of whitefly-induced silvering, which masked expression of symptoms of SqVYV infection.
SqVYV Detection
All the procedures to detect virus were similar to the previous experiment for the watermelon recipient plants. However, for all the weed recipient plants, RT-PCR was conducted using petiole tissue. At 10-11 DPI, symptoms on plants were monitored as in the previous experiment and were rated on a scale of 1 to 9 using methodology adapted from Kousik et al. (2009) .
Experimental Design and Statistical Analysis
In all, there were four recipient plant treatments (watermelon, creeping cucumber, balsam apple, and smellmelon). There were 10 recipient plants per treatment and 10 extra watermelon plants for each trial, which served as sentinel plants in the greenhouse to detect cross contamination. This experimental design was RCBD like the previous experiment with five trials (blocks) conducted over a 6-wk period. There were 50 recipient plants per treatment in this experiment. Statistical analysis was conducted as in the previous experiment. Symptom ratings from infected plants were analyzed using the Kruskal-Wallis test using PROC NPAR1WAY and treatments were compared by Dwass, Steel, Critchlow-Fligner multiple comparison analysis at a 5% level of significance.
Whitefly Settling and Oviposition Preference
Creeping cucumber plants were chosen for this experiment because of their susceptibility to SqVYV, which was similar to watermelon, seed availability and ease of germination, and their more prominent infection symptoms compared to other weeds. Plants were grown as in the previous experiment and transplanted into 15.2-cm-diameter plastic pots 2 wk after planting. Half the creeping cucumber plants were inoculated mechanically with SqVYV, and the other half were mock-inoculated (rubbed with buffer only) at 3 wk after transplanting. Creeping cucumber plants were used in the experiment 7 wk after planting (2 wk after inoculation). In the laboratory, a pair of SqVYV-infected and mock-inoculated creeping cucumber plants were placed next to each other, and a leaf from the middle stratum of the vine was selected from both plants for the dual-choice test. Only plants showing SqVYV symptoms (vein yellowing) were used as SqVYV-infected plants. The test was conducted using a dualchoice Petri dish cage (9 cm in diameter; Fig. 1 ) (Cardoza et al. 2000) . Forty nonviruliferous whiteflies of mixed ages, 20 males and 20 females, were introduced through a 0.5-cm hole in the bottom of the Petri dish; then the hole was plugged using high-density foam. Whiteflies were allowed to settle and oviposit on the exposed abaxial leaf surfaces. Whiteflies settling on each leaf was counted at 0.25, 2, 5, 24, 48, and 72 h. After 72 h, leaves used in the experiment were detached from plants and eggs were counted under a stereo microscope at 25Â magnification. In total, 30 pairs of infected and mockinoculated creeping cucumber plants were used.
To test whether the whiteflies were able to acquire and transmit the virus from infected to mock-inoculated creeping cucumber during the 72-h settling and oviposition preference test, the 30 mockinoculated plants were brought into the greenhouse following the above-mentioned preference test. After 2 wk, all creeping cucumber plants were tested with ELISA using crown (main stem just above the soil line) instead of petiole tissue because crown tissue has been shown to contain higher concentrations of SqVYV than other parts of the plant in watermelon (Turechek et al. 2010) .
Data from the settling experiment were analyzed by repeatedmeasures ANOVA. Data from the experiment were square root transformed to meet the assumption of normality. Tukey's mean separation test was used to compare different treatment means with a ¼ 0.05. Oviposition data were analyzed using one-way ANOVA.
Results
Comparison of Three Cucurbit Weeds and Watermelon as Sources of Inoculum by Whitefly Inoculation
A similar percentage of watermelon recipient plants was infected regardless of whether creeping cucumber, smellmelon, or watermelon were used as source plants (Table 1) . However, the percentage of recipient plants infected was lower when balsam apple was used as the source plant (Table 1 ). The effect of treatment was significant (F ¼ 18.04; df ¼ 3, 12; P ¼ 0.001). Symptoms of SqVYV on the recipient plants (light greening and crinkling of upper leaves) were seen as early as 4 DPI.
Comparison of Three Cucurbit Weeds and Watermelon for Susceptibility to SqVYV by Whitefly Inoculation
The percentage of watermelon infected with SqVYV was higher than for smellmelon and balsam apple, but there was no difference between watermelon and creeping cucumber (Table 2) . Also, there were no significant differences in the percentage of plants infected among smellmelon, creeping cucumber, and balsam apple ( Table 2) . The effect of treatment was significant (F ¼ 4.2; df ¼ 3, 12; P ¼ 0.0295).
Weed recipient plants when infected showed slight to no symptoms compared to watermelon recipient plants (Table 2 ). There were significant differences in the symptom severity for infected weeds and watermelon recipient plants (v 2 ¼ 119.61; df ¼ 3; P < 0.0001). Mean symptom rating recorded 10-11 DPI. Rating scale for SqVYV infection of watermelon was adapted from Kousik et al. (2009) to use for the cucurbit weeds. Data were analyzed with Kruskal-Wallis test and within a column, treatments that share a letter are not significantly different (Dwass, Steel, Critchlow-Fligner multiple comparison analysis, P < 0.05). c Mean 6 SEM infection percentage of recipient plants (treatments) inoculated with 30 MEAM1 which acquired SqVYV from watermelon source plants. Means within a column that share a letter are not significantly different (Tukey-Kramer test, P < 0.05). Statistical inference was based on logitlink transformed data; untransformed means are shown. Total of 50 recipient plants per treatment were used. Weed recipient plants were tested by RT-PCR and watermelon recipient plants were tested by ELISA at 11-12 DPI.
Whitefly Settling and Oviposition Preference
Whiteflies showed no settling preference between SqVYV-and mockinoculated plants at 0.25, 2, and 5 h (Fig. 2) . However, after 24 h, more whiteflies had moved onto the leaf of the mock-inoculated plant than onto the leaf of the infected plant (Fig. 2) . The interaction of plant status (infected or mock-inoculated) and sampling time was significant (F ¼ 5.5; df ¼ 5, 304.7; P < 0.0001). In addition, plant status effect (F ¼ 6.74; df ¼ 1, 123.2; P ¼ 0.0106) and the sampling time effect (F ¼ 34.5; df ¼ 5, 300.2; P < 0.0001) were significant. The number of eggs laid by whiteflies after a 72-h exposure period was higher on mock-inoculated creeping cucumber leaves (322.9 6 26.76) than on SqVYV-inoculated leaves (209.57 6 18.14; F ¼ 14.23; df ¼ 1, 57; P ¼ 0.0004). Two weeks after the preference test, 13 of 30 mockinoculated creeping cucumber plants were infected with SqVYV, indicating that whiteflies were able to acquire the virus from infected plants and transmit to noninfected mock-inoculated plants.
Discussion
Our results suggest that all three weeds have similar susceptibility to SqVYV infection by whitefly inoculation, but these weeds differ as sources of inoculum of the virus. Infected creeping cucumber, smellmelon, and watermelon were better sources of virus than balsam apple. This may be due to differences in viral concentrations in the different weed species. Adkins et al. (2008) showed that balsam apple had a lower concentration of SqVYV than creeping cucumber and watermelon when infected. Although there are several factors influencing the transmission of the virus, one of the important factors is the concentration of the virus in the source plants or leaves. In most cases, a higher concentration of virus in the source leads to a higher probability of vectors transmitting the virus (Romanow et al. 1986 , Gray et al. 1991 , Zeidan and Czosnek 1991 . In our experiments, foliar symptoms on infected weeds were mild to nonexistent, making them difficult to identify visually as infected. This has been found for other plant virus systems in which infected weeds show fewer foliar symptoms compared to cultivated host plants (Tomlinson et al. 1970 , Duffus 1971 , Chatzivassiliou et al. 2001 . Slight symptom expression and low mortality when infected, combined with widespread distribution and proximity of cucurbit weeds to watermelon cultivating areas in Florida, increase the risk for the watermelon production.
Balsam apple is as susceptible to infection by whitefly inoculation as the other weeds, but when used as a source of inoculum, fewer recipient plants became infected than when the other weeds and watermelon were the source of virus for whiteflies. It is possible that virus titer in the plants is high enough to be detected with PCR from petioles, but not enough for whiteflies to acquire it efficiently from infected leaves. In this experiment, SqVYV detection was conducted using petiole tissue, but whiteflies feed on the leaves. It is also possible that whiteflies do not feed as readily on balsam apple as they do on the other plants tested. Susceptibility of the plants can also be related to the feeding behavior of vectors (Shukle et al. 1987 , Jing et al. 2015 . In the transmission experiments, weeds were tested with RT-PCR because ELISA using petiole tissue of weeds did not reliably detect SqVYV, which might be due to lower virus titer in these plants compared with watermelon.
Initially, whiteflies settled equally on leaves of infected and mock-inoculated plants of creeping cucumber, increasing the probability that the whiteflies will become viruliferous. The subsequent shift in preference for mock-inoculated plants can increase the probability of transmission of SqVYV to noninfected plants. This shift of preference for the mock-inoculated plants is another way that virus dispersal is enhanced. Virus spread will increase if the infected plants show higher attractiveness to vectors until vectors land and probe to acquire the virus. After the vector acquires the virus, the time that vectors spend on the infected plants should be reduced, and dispersal to neighboring plants increased, for optimal spread of the virus (Fereres and Moreno 2009 ). The spread of semipersistent virus depends on whiteflies feeding for several hours to acquire virus efficiently before moving to noninfected plants. The shifting of whitefly settling preference was found to occur between 5 and 24 h. This time is sufficient for the whitefly to acquire and then transmit virus from infected plants to noninfected plants (Webb et al. 2012) , which is also supported by our findings that almost half of the mock-inoculated plants were infected after use in the choice experiment. Previous studies have found vectors more attracted to infected plants or equally attracted to infected and noninfected plants and later repelled by the lower nutritional status of infected plants relative to healthy plants (Mann et al. 2009 , Mauck et al. 2010 . The change in alighting and settling preference of vectors caused by virus-induced changes in the host could potentially promote the spread of virus by increasing the rate of virus acquisition and transmission (Mauck et al. 2010 (Mauck et al. , 2012 McMenemy et al. 2012; Rajabaskar et al. 2014) . Virus infection alters emission of plant volatiles and nutritional status (Ajayi 1986 , Jiménez-Mart ınez et al. 2004 , Colvin et al. 2006 , Mauck et al. 2010 , McMenemy et al. 2012 , Su et al. 2015 , which can modify vector behavior to ensure the survival and spread of the virus. A similar phenomenon might hold true for the SqVYV and whitefly vector system. For instance, Adkins et al. (2013) showed changes in plant micronutrient composition when watermelon plants were infected with SqVYV.
Whiteflies prefer to lay eggs on mock-inoculated creeping cucumber leaves compared with SqVYV-infected leaves, which might be related to lower nutritional status of the infected host for their offspring. Similar results were also reported by Mann et al. (2008) on cotton plants infected with Cotton leaf curl virus transmitted by B. tabaci. However, contrasting results were observed where MEAM1 preferred to lay more eggs on Tomato yellow leaf curl China virusand Tobacco curly shoot virus-infected tobacco plants than on noninfected plants (Jiu et al. 2007 ). Likewise, Mediterranean (previously B. tabaci biotype Q) preferred Tomato yellow leaf curl virus-infected Datura stramonium plants to noninfected plants for oviposition . In a previous experiment, Asia II 3 (previously B. tabaci biotype ZHJ1) showed no preferences for egg laying on infected and noninfected plants (Jiu et al. 2007 ). The effects of plant viruses on biology and behaviors of insect vectors may vary according to the host plants, vector species, virus species, and environmental factors.
Vector settling preference might be dependent on the host plants used (Castle et al. 1998) , so in the future, the effects of additional weed hosts on the modification of whitefly behaviors should be examined. Further, studies should seek to understand the potential role of change in the nutrient and volatiles composition and concentration in the modification of whitefly behavior. The composition of weed species present, susceptibility to SqVYV, and preference by whiteflies can influence survival and spread of the virus in the field. All of these factors should be considered when developing scouting, forecasting, and management programs for this important viral disease.
